(2) Japanese Patent Application Laid-Open No. 8-167702 (1996) (corresponds to United States 
Patent No. 5,834,357): 

"FIN-SHAPED CAPACITOR AND METHOD OF MANUFACTURING THE SAME" 
The following is an extract relevant to the present application. 

Referring to Fig. 5, a photolithography process is performed on a stacked film including 
Ru0 2 layers 72a, 72b, 72c, and Ru layers 74a, 74b, and a TiN layer 70 to form a lower electrode 
pattern. As a result of patterning, a structure including the TiN layer 70 and Ru0 2 layers 82a, 
82b, 82c and Ru layers 84a, 84b stacked in alternate ways above a conductive plug 68 is 
obtained. 

Referring to Fig. 6, aqua regia (solution in which HN0 3 and HCI are mixed in 
proportions of 3 : 1) or an aqueous solution of 5% NaOCI + 3%NaOH is used to selectively 
etch only Ru layers 94a and 94b of a lower electrode. 

Referring to Fig. 8, BST or PZT and the like is evaporated onto a surface of the formed 
lower electrode to form a dielectric film of a capacitor consisting of a ferroelectric film 118. 

At the next step of forming an upper electrode (second electrode, not shown), the CVD 
method having excellent step coverage is used due to the presence of flection on the surface of 
the lower electrode to evaporate a conductive metal or precious metal electrode. 
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Jf ©JP£#5 0-2 0 0 AT-feSCiift^i: t4W* 
iH2IB«5©^V/'ti/^— „ 

4 ] stiles i a^fflmiiB^ i mwm&ji'T- 

Vl^mtM (Ruthenium oxideX -i >W AXXmitlfa 
(Indium Tin oxide), 5. >> £>SHb$3( Osmium oxide) 
fiW 'JS^A&ftrtSJ (Iridium oxide)«fc ») ft 

ai^iIlIB*©*^^*-,, 20 
[»5RJB5] iiilBgl«&g>&2«SMt*£& (P 
t) , nvVtfk (Pd) , -f U^^A (Ir) , 
-^a (Ru) , *x$.<t7A (Os) , 

(Al) , (Ti) ,&1>'*>*;1/ (Ta) «fc!)*t 

fcft^fc*siii#«ite*©*-w<'>*-. 

[ff5R5l6] b51B»««jK#PZT (Pb (Zr, T 
i) O, ) , PLZT ( (Pb, La) (Zr, Ti) 
O, ) , Bi, Ti, O,,, >SS(lead zirconat 

e), BST (BaSrTiOi ) , STO (SrTiO 30 
» ) , $Mib#>*)l>. ^b^'Jr»> s ONO(oxide-n 
itride-oxide) , > > U V— K is V 3 >- h 'J 
r\ g^b^*>, ^*>$BRVS r B i, Ta, 0, fc 

i *> ft *»©«f?a»!*nfcd>ft < t t> v^rn*— 

mmmil t&ffi*2«S#Ru, Pt, TiMI 
r££«)fts»©*T-jIIR£ft;fcv^*xA»-^>ft^ir;i 

[ifsJW] m83*2*«#3Kys/';3>s««>-r* 

[if*® 9] SSia^-wtS'*-** r^>^**©S8i 
t: $ fix D R A M n,% (i^ * ^ V -fe ;b t ft 

mf&-rzzt*iM£-r&tiimm 1 ibss©**^* 

" o 

nmmzz$^®xmf&£tizz £*&&£+ zmx so 
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[fit*® 1 1 J tt«tt8<b4fe£ 5 ftS&lfsKJl&tf 

mnmii;&T-mimm$titz% 1 2 

mi^m 1 4:» 2 ttKlCft bt M£iJSiRteft 

j§©fg 1 mmzmm+zmmt. 
[if *js 1 2 ] huib7 -y ymm&om 1 mn^©s?§ 2 

So 

[»«J1 1 3 ] 2^KB©mtB®©^<b©^ 
Mf&ZtltzMkfcMBmtoW-Zftb 0~2 0 OATSSCt 

&¥m£-rzm&mi 2ia«©*^^^^-©ssjg* 

[It*® 1 4 ] huBB» 1 afii©B5f3^ 1 Vo»m &)\>r 

msii<tifr®n& t)ftscii:fti^sci:-r2)»5Rsi lia 

«© ^ \ > 1 v- ^ -©SigtfiS. 
[If 1 5 ] HuiBSg 1 «®©huIB^ 2%«^{iP 

Pd. Ir, Ru, Os, Al, Ti, MTai: 
<fc 5«fig-r s^-7"J; ^M^^nfe^KJ: t)«fi)t^n 
* dfcft»*i: l 133«©^+^^>^-©« 

[W 5t?« 1 6 ] mimmmn^'P Z T (P b (Zr, 
Ti) O, ) , PLZT ( (Pb, La) (Zr, T 
i) O. ) , Bi, Ti, O,,, ^An>iS(lead zirc 
onate), BST (BaSrTiO, ), STO (SrT 
iO, ) , £SMb*>*>k t<b'>'J3>, ONO(oxi 
de-nitride-oxide), V— ->'J3>-h 

UK, mib?-*>. ^^VSSSIKS rB i, Ta, O, 
k J: D ft 2> S*©*P -CMtilZ fitz 'J>ft < i: *> -of 5 z 

[W«Jai7] HuS3^2mfig* s Ru, Pt, TiSWf 
I r t<fc ^)ft?.^©cpT•a^K^tlfe^-^■ri^*— t3ft^tr 
ikft^i:-rSiS*«l lE«©* + /^^-©«« 

[»*ifll 8] huIB^t^^^^-SjI*^* 5 , h5I3^ 

s«mtt7-5^ftB^-r?.gi!it, 

BK-T i: ft $ <b fc-fttot ix 5 c t ft^m k -r 



( 

3 

im&m 1 9 ] msm i vammRvm 2 mfrnvx* 
9 s LfT^n 5 3 1 «t a 8tJ5££ *xfc z h ztmt ? 5 it 

[ft** 2 1 ] mif2X^ >y * V >ngi«, £«T-« 

cfci?»«j«*n&iii:s«M»4:-rsai*3ai 9 ibis© 

*-W^*-©§?ig;£?£. 

[»^ia22] SutB^l^KWttRuO, XlilrO 

[n»«8 2 3 ] ftuissg 1 tifisvi 2 vonmiMtm 
fmmmmvmmznzz zm&mi hb 

«© * * ^ '> * -©glit^iS,, 

[»j#s 2 4 ] suiB^b^mffi^w^^HufB^ 1 mum 

ft JKfiK^- « SPg h ffflBg 2 «M fe^BR-r 2> ©Pi £: C E 
^■UT^t«n-5Ci:ft#Sfcfr5)W*W2 3fB«©** 

[^©PflBfclfcBjn 
[0 0 0 1] 

[»BJ©B1-*tt««»l *»illitt**M*S5«©=**^ 
[0 0 0 2] 

[#£3f5©ftffi] DRAM(Dynamic Randan Access Memor 
m l*l T* * -V /t * > 7. ft if iP £ -tf £ & © C m *? & * i£ # 

Sf&#iSl^Kftffl^?>#i£T-;it>5. 

[0003] ze>*-c\ mi*Vi&mm»f&<Dm$Z: 1 

0 0 AWTK»«<b-r5»^77 , '>5>'-l»^'f A (Fl 
ower-Nordheim)«sfctC «t D a^^^fST-r S©T*A^S 

©^ ^ >j m^mm b c < v> t v 5 mm 5 » 

[0 0 0 4] fc-oT. mi5:T'ltm2j3&(DZ-*/^>t>- 

©*^ja«ftti j ?'-rfc©©t)©i:b'r-> , ;>^s 74 
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if© 3 &7G«f iift 3 ^ - ft 

[0 0 0 5] £3#&©ag«£ft©tt^ttK& 
bTBu -^d^*^ Mperovskite)*t 
&©3l«*ttx «*ttPZT (Pb (Zr, Ti) 
O, ) XliBST (BaSrTiO, ) ■&£&mm.»m 

[0 0 06] ^g|«W±gE#©^bMi:tt3toTS^^ 
10 «&ft£#U &S5£»* s «5i»S.k 5 1 0 0 0®S© 
$>Hft35. £©J:3fc9t«««*B8«M!li:bTffl^ 

*) 1 0 AeiT©i.^f ««f ^S*SLfl«. - 

> tc tt^ 3 et^ffl^sv^slm*ft *r -r s ssis^rt- * 

[0 0 0 7] HulBPZT^BSTfe^ftSiaMhL-rffl 
^?.^<> »^fc««i:ai««fltfc©»®t:fiBtl«ffil 

©•u^TcjRtffflsjsitsnscifcftBSjtb&w-tiiifte) 

^JEb&ttiftfcffc&fc^. 
[0 0 0 8] bi^b'fe*^, l^PZT^BST^if© 

^sia%Sft^bT^5 : ¥-^/^->^— onmwMii b 

30 T— #^-<ffiffl^^xTV>SPty:BUBB©^l~^3©^ 
^tiflSS. bT A»SB 4 ©^IftfiS-? * ^v^. 
[0 0 0 9] d©&©, Ru^trtlltfPZTMB 
ST©««i:UT«*S*xfcC4:#*S (^SltWS^ 
§5 1 8 56 8 9f) . 

[ooio] bA>b&#e>> mm\m&mzir$^Ti±n 
^^©ft^a^ttffl^jbtK^©-?^^--^^* 1 

T* * V> £ V"> o P^S A 5 * & o 
40 [ 0 0 1 1 ] m 1 ttl9IB«£*©*»t: J: »)«JtS*x&9fi 
=¥- * ; ^> * — ft * "T /■ * *) * ;i/ ft ^ b »r ® 12 

[ 0 0 1 2 ] 0 1 ft#BS-Tti«, 7 — ;u KSflsM 1 2 

bM^-MSl 6 i:ft*H-T5 h ?>&**£* m 
BB K b -f >«« 1 8 a KSafcSftSTS H y h 5 -f > 2 
0i:ft^bfe^. ISj|l»©^lBC|ftliRi*J^J«-r*. 
miBV-^fS^l 8bft8tB$#*=i>^^ b 
50 ;u*JBdib&^ milBn>^^ h*-;b©flSI5fta» 



( 4 ) 

5 

X\ SJI3IS*«l±Cl6*l»«2 4atJ t aAJ:»)3&:4*+ 
<*S/*-T»*«2 6ftMfc:«j3tU #£iw§3TasftfiB 
2 6©«aCRfb«^^— 9-2 8 ZBFfc-tZ. &^T\ 
3ufBI6*fc± t B S T J; *) & 5 &g§»#J8t 3 0 £ * * /t 

~>^-©±gps«i3 2*mt^fiKbfe^±gi5tr^ h7-f 

> 3 4 Stf7^ ^ - tf I±WM 3 6 feJBfcjKjSf 3 . 
[0 0 13] ituiaUfct£*©#i££J;!)* Mz-JV- 

fflLf#&U©T-®»it;!jDtC{±Rg fiP*>gt#©& 10 

mm.it-** f-x-Tzummt \sx&mztitz®in& 

[0 0 14] 3L^b*>*;uft**^>*-gi;i§ 

CSfflt5«^t^->^-MtfflBPSG7D-{: 

© «t 5 &£$<b* > * ;i/^r * — ©&<b ft IK <* & K> 
©mffift ii i:UT3>dr<7;*->£ ttift^C 'Degradation- 
Free T a, Oi Capacitor after BPSG Reflow at 850 
°C for High Density DRAMs " (IEDM.1993) f#»J — S 20 
i/TiN/Ta, O s /*U-S 

±gBmai:UT^^^^T iN 
ftffiffl-T-S©-?;* YXs—VJ — KtftiCftStT iN 

8Mb* >*;u*+/^*-T?tt*8&*»©T««ffi* 

-i- 5 3 i: #gfiT- & -d fc . 
[0 0 15] 

[&!«#»& L«t -5 fc-rsss] #$8«§©Bfl?jB:5S»* 

ftt»K i: « fcttffl * ft -5 * t v> * - ©mil # 7 > « 
iSfc^fiE*nT^+^^^>^©Jfi0$nfe7-f >«J§ 30 
©^-^M«>^-Sr^#t^-^d i:r-$>So 
[0 0 16] ##PJ!©ffe©Bl$l£i!ui3^^>*>;*© 

tiiD * n tz y ■< > m a© * +• / ^> * - ©Mii^ & ft 8t#t 
[0 0 17] *ftig©3&£ffi©i^ff|ie4toKj:X 
zztizZbJr^^istrisx&mnztitzyj^r*** 

[0 0 18] 

[rh*hrm-4&»©#«] Bui3ge«jftagEi-5fe» 40 

=t9fc£>ig2^gJf#£S£*Jf £ft3fc©©, mil3^ 
24»KS»ai/T*©«A«S(Sl««Ji©«J:0fi<fto 

x7 4>Mm&*Bmvtzmimmii, m2mmt. m 
mmimmtmzmm^m^B^titzmm^^ 

toXmf$.£tirzZ£&fmt.-tZ* J rSii'*-X&Zo 

[0019] mmm 1 wmomizm 1 tiwui;^-'? 

A^fb<85 (Ruthenium oxide), -i y*Jt> ^XZWtitWl 
ndium Tin oxide), icy. X t> 1>M.{^M{ Osmium oxide)J& 
IM U S^AgHb^l (Iridium oxide) «fc ^fcS^-r 50 
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^©miI3S2t)Kltte^ (Pt) , /t^^^A (P 
d) , ^f'J^7A (Ir) , £A (R U ) , 

^A (Os) % TVl/^-^A (Al) % (T 
i) (Ta) t*. K)tZ%^£&X%%o 

[0 0 2 0] huIB^ 2%Hg©(il®©Maig|J(iS;i§3^ 2 

H533^2^iKJi©saia5ftS^Hril3^fb^)©JP^{i5 0 
~2 0 0AT-$>5 3i:A j a*bV>. 
[0 0 2 1] HUf3^mtiattP Z T (P b (Zr, T 
i) O, ) » PLZT ( (Pb, La) (Zr, Ti) 
O: ) N Bi. Ti. O,., iSfri >fS(lead zirconat 
eK BST (BaSrTiO, ) , STO (SrTiO 
, ) , £®^b*>*;K ^b^U3>, ONO(oxide-n 
itride-oxide) % ^*>^')>r-K ^U3>=h'J 
F, Wffii*-*>> ^>ISMSrBi, Ta, O, £ 
«fc »3^saf©^T-5i^Snfc'>'5:< i;fcV>-fftfr-^T- 
feSdt^M^UV^ ;ffi*T-PZT (Pb (Zr, T 
i) O. ) v PLZT ( (Pb, La) (Zr, Ti) 
Oj ) x BST (BaSrTiOi ) J&iftt^Sia^H 

[0 0 2 2] HU§3^2SfiittRu, Pt, TiMIr 

Q*zm<DtpX'mtR2ixtz^-rtifi>-^>tfi<s;8)£>ti 

5. 

[0 0 2 3] HuK^^/^^^-tih^i'i 7 ^^©®®^ 
^iSg^tiD R AM-feJl/XttTOfStt-X 'J -fe;i/ft«J^-r 
5. 

[0 0 2 41 IC, hu§B^-V/V>^— tt, BuS3^imis8 

[0 0 2 5] >«|Jg©*+^j/^— « 

5g7?^a:> 3SmftBI(b«lf5«tt)feS»lUSBSlF#S 
<*£!3&3fg2^H»ft£5(c*»-r£f8!|fgi:, ¥KM 

^ij^rST-Bui3«ji#^fc^ i wmmRvrn 2®%%*^ 

»ut MSOMiR-tt ft * * 5 fii£iMxfctffl!2ni x-mum 
matefi-oxy 4 >jmm<om i m^mm-nsm 

k> B5g3^1Sffi±tilS%g&«Ji-ri.^ks HulB 
K«4fe!!©±«fc» 2 S«iftJKfiK1- j: ft^feT « 

[0026] i5ia*-v^^^-o«ji*astta9E7^ > 
mm&m i m®©*©^ 2WKm<nmmm sis 

PgftS£titoT«J&£i-i5Ch#-t-§£>o c©W, bu13 
JB2i»KJi©«ffiliifcJKrt*tiSK<b<Dje»^$*ifc 
BWb«lJB©*SH:5 0~2 0 0 Af$2,3i:tfli b 

[0 0 2 7] bu§2^ 1 *HJI8:;i/y = •> A»<b*k -f > 
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M££!)®f$.i!tihZ£&X-%Z. ££1^ BuiBMSltt 
fi§©ii5i3Sg2tlRjIfctPt, Pd, Ir, Ru, Os, 
Al, T i £tfT a i;«fctHStf£ 
[0 0 2 8] mJfBfg2«£fcfcRu, Pt, TiMIr 

[00 2 9] *36W<0-^tt« t ifttf, bu§3^ 1 ttK 
[0 0 3 0] #^©ffe©H^Wc,fcftfcf, SubBX^* 20 

stzmmzitzmmt., #«tt;tf;*©*»5»Hft"e;* 

[0 0 3 1] ZZX. BulB^M(iRuX(±I rffe >K 

mm&mmibm&Ruo, xairo, T-fes^i:^ 

£b^o 30 

[0032] *%m<?>m<Dmmm£& mam 1 « 

[0033] *&w<D2 e>izm,<Dmmmic£ni£, mm 
&s.mfc*>*jv%-gtoxmm2tizz. tztmttz 

[0 0 3 4] 

mmm »wu&isBfc»r5s#»i»sB*iifc 40 
[0035] mmmi 

m 2 7521a 8 &*mw<D#miz & *> ^-^^y^-^mm 

[0 0 3 6] 0 2 tt4M¥te»£ 5 0±{cn>^^ h*- 

S4K5 0±£4*-h8MbJK5 4&tf-y-h®Bi5 6£ff2 
&v^> 83137- h*S5 64-f*>aX77 
*t bT<£fflbT^fi^:*>£i±ATrSC t£«fc !K 50 
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iiuf3««fcKW>^ii6 0ai:v-*ffi*£6 obsr^ 

fiJo-TS. HufB^*%±Cgl«gi^M5 8ZBI&L 

ztizmis&MM{,xmm\*is'( >mm6 o&zmiiiz 

-e-fe^ l»83l»H , >«*6 0a±K:»2l6««6 4-e 

huI3S^5 0 ©£W:i¥SYbJ§ 6 * 

V^¥S<bB6 6AViSlttiilK5 8 *tt*J-rscfct 
■t!)> *+/t^*-©T»««*V— 
££#>©:3>*^ htf-;b6 7 2:^j5E-rSo &v>T\ HU 
IB3>^<7 b*-;U6 7©J&J83ftfclfc|R5 0±C#« 

b*-;i/6 7©|*|g|S£sg«4:r^7 6 8fi»it5. 
[0 0 3 7] 03 £#SS-f huIB3HH477 7 6 8 

*fcBja*;ii5T»«E (mi mm) tarsx-tzm 

^M©SSI£1-ST iNjg7 0£&+73M3 0 0A©f 

[0 0 3 8] H4ft#ItJxK, ffil3«;iW*S©±»fc 
RuO, I72a, 72b, 7 2 c i: R u)l 7 4 a , 7 

4 b$:p?)igb^«-rso c©ks, mm.»m±(omm<D 

[0 0 3 9] RuJliiRuO, m&7)\s3> (Ar) $ 

m^xmm-tZo «i$ix5#i©i$fi-fn?tii o 

0-1 0 0 0 At-fet)ff So TSB«3B©iP£fci:3 0 0 0 
AtC-TSA^ &Jf* s 5 0 0 AfSSRuO, f^EoO 
JlfcU §/f #7 5 0 AT-&5RuJl£:Xo©JlJ;:-r5 

t % mmmmiz «t 5 ng5 u# s . 

[0 04 0] HI 5 £#{8-rftfcJu HU.I3R uO, Jg 7 2 
a, 72b, 72cMRui74a, 74b©*JlM 
&tfTiNJi7 0tC^bT¥Stt*Jxa^ffoT-HSB.S. 

^^-->^©^«sttr7 

76 8©Xg)5(CT iNf7 OSTKRuO, I82a, 8 
2 b, 8 2 ci:Ruji8 4 a, 8 4 b h A s ^Sl3«B^ 

kf^*fiefflbfcs*tt-f*>ttayis (rie) cj;5;t 

[0 0 4 1] 06*#^-rn»i, i7K (HNOi hHC 
I #3 : lCffl^Silfc««) Xtt5°/„Na0CI + 3 
% N a O H ©Tk^M^ffiffl b-CTSI5«@© Rui 9 4 

a, 9 4 b<D&$m.1Rt£)lZl&MirZ>. RuJ19 4a, 9 
4 bJiHuIB^MC^ftSSaRuO, 192a, 9 2 

b, 9 2 c&®VlZ^ft&Z%^X&Z<DXmiaM1Rf£} 
tt*Ed* s <iJt6fc&*. COW, HuiBbfcfflSMS'J©^^^ 

■r lescttia t> wib-c * d , r u ©ttjEUjajs t « t t ash 

^M*atO«cafi5t-5Ci:«cJ:DRu®i»sfi4^J$tvTCD 
tf^^Sr^SSbff S. 
[0 0 4 2] ii5«3»Ktttt*J*fTofcie*i:bTRufl 
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tfttS. 3©x^7^#(iT^S®©*!8j®«£ii 
H©tt*>Dfc IrtlrO, i:J:5 3S:S«JiT*H-*? 

o 

[0043] H7ft#M-rn«, MMdn^RujicDft 

ffl*Wb*ixTRuO, k*6J:dfca**HftTMKWa 
CKDHHBjStefiiRuO, 1106a, 106 
b©j?£ttl 0 OAffif&S. Bui3f»Sfb©fe*TgPM 
Sgtt^ftlfcRuO, -eafrft&cfcdicfc&o Cld-CR 10 
uiRuO, ITFffl««fcbTttJS3;ft,SK:jfcfl>&«» 
£a£tt£*bT:fc5. 

[ 0 0 4 4 ] 0 8 g#Ittl«, MffoStltzTSHmmcD . 

(Dwrnysm tvx itwrnm^momtut c v d & 
-$>au Mfty-^Yb^ftfflUMTiS (lscvd) a 

[0045] *tr±gcm© (£2 me, H**r> 

mmtfmvmnfz c v d &&m^x&&&&mm^&n 

io o 4 6] m9&&mm<tmii&mm*mmi;X*r j r 

[0 0 4 7] 09 A$#ltn«, RuO, fcRu#|s) 

[0 0 4 8] BUlBX^^O^T-fctRu^-yy b© 

ij >^-T5©Pil hRuO. OfrZxny 30 
* V >^1-5ISPg 2 i: £-€;fi^;h.E# LTSftSSUtuie® 
Ml, 2£MtrRu/RuO, JMRHttHtDjg-r. 

5 o o-c©atssa&as?s c bv^. 

[0 0 4 9] I9Bg#Sttl!t Ruf-^-y^h 

©$?*£ nt*^ » 9 u > rmmzmm lx r u/r u 

[0 0 5 0] :Rffcfi<jK 1-10 OmTorrfflf-t^t 
Eft, ^-5 0 0" , C©>S&MjST-MtrRu/RuO 1 40 
Mk«£*"y* U >^^^0S-tci:t e fcf3Ru/R 
uO, c©^, liH3^y^y>^ 

ttAr«v>ttN, %if©^Stt^&S5t-SglSPSfcmi 
BB#iS1£;tf 1-5 0 %x&zwtm* 

W^SPCflEfttf 1 mTo r rJWTfcfcS«fc-5fc-fc-^ 

3 @pg£ E# bTfrfcix 5 . 

[0 0 5 1 ] 0 9 C tt»tt<Z)ffiBE£ttlllK*&*?iJA3 bT 
RuO, tRuSIt»ft4MS:ilL 50 
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